Introduction 35
Epidemiological studies of adult populations have reported an inverse relationship between 36 whole grain intake and risk of chronic diseases, including cardiovascular disease, (1; 2) type 37 two diabetes, (3) and some cancers.
(4) Whole grains may also have a role in weight 38 management.
(5; 6) However generally, whole grain consumption of any population has been 39 difficult to study, as the majority of intake data available do not contain quantified whole 40 grain intake measures. Dietary guidelines developed globally including the Australian 41
Dietary Guidelines (ADG), recommend choosing mostly whole grain and/or high cereal fibre 42 foods within the cereals food group.
(7) Other groups promoting whole grain consumption 43 encourage Australians nine years and above to meet a 48g whole grain Daily Target Intake 44 (DTI). (9) 
45
A whole grain database has been expanded to include all whole grain foods reported within 46 the Nutrition and Physical Activity component of the Australian Health Survey (AHS), (10) 47 providing a useful tool to quantify whole grain intake. Secondary analysis of dietary intake 48 data, involving the application of this whole grain database, provides a more in depth 49 understanding of both amounts and patterns of consumption of whole grains to assist 50 guidance of both nutrition education and food product development. (11) In addition, absolute 51 amounts of whole grain intake at the food level help to account for biological interactions that 52 might otherwise be lost in the analysis of individual nutrients. (8) 
53
The aims of this study were to determine (i) national estimates of reported whole grain 54 intake, compared to national guidelines (ADG and DTI), (ii) key dietary sources of whole 55 grains within the Australian diet. 56
Australian non-institutionalised population.
(13) The dataset used for the analyses of this study 65 was from the ABS Confidentialised Unit Record Files obtained in the NNPAS. 66
Dietary assessment 67
Dietary intake data of the NNPAS were collected by trained interviewers using computer and 68 telephone assisted 24-hour dietary recalls, adapted using the Automated Multiple Pass 69
Method. Detailed descriptions of dietary interview methods, including a Food Model Booklet 70 used by interviewers to assist in describing amounts of food and beverages consumed, are 71 provided elsewhere.
(12) Intake data was collected for one day for n=12 153 participants, and a 72 second recall was repeated with a subsample (n=7 735). 73
Estimation of whole grain intake 74
Age categories for analysis were selected in line with Nutrient Reference Value age 75 groupings; (14) hereafter referred to as children (2-18 years), and adults (19 -85 years) . 76
Differences between mean whole grain intake on day one of the survey, and the average of 77 two days were determined using a paired samples t-test. A statistically significant difference 78 existed (33.9g/day and 33.6g/day respectively, p=0.000). The difference of 0.3g whole grains 79 between mean values was not deemed clinically relevant and did not justify excluding the 80 participants who did not provide two days of dietary intake data, hence data from day one of 81 the survey was used. 82
Whole grains considered in the present study aligned with the Food Standards Australia New 83
Zealand definition as 'the intact grain or the dehulled, ground, milled, cracked or flaked grain 84 where the constituents-endosperm, germ and bran-are present in such proportions that 85 represent the typical ratio of those fractions occurring in the whole cereal, and includes 86 wholemeal.' (15) 
87
The whole grain percentage of each food item identified as containing whole grains was 88 calculated using a whole grain database.
(16) In brief, from over 5 700 food codes, 590 foods 89 were identified as containing any whole grains, as a percentage of the fresh weight of food. 90
Whole grain content was calculated through the adaptation of an existing whole grain 91 database, (17) recipes and ingredient information, including input from non-profit organisations 92 and industry sources. Whole grain intake was calculated by multiplying the gram weight ofuse of an arbitrary cut-off to define whole grain foods. Foods were classified as core (non-95 discretionary) and discretionary using criteria within the ADG.
(7) Core cereal foods include 96 mostly whole grain and/or high cereal fibre varieties. This includes breads, cereals, rice, 97 pasta, noodles, polenta, couscous, oats, quinoa and barley.
(7) Within the context of cereal 98 foods, discretionary foods include highly refined versions containing added fats and/or sugars 99 such as biscuits, cakes, pastries, commercial burgers, pizza, fried foods, and other savoury 100 snacks. (18) 
101
Intake was reviewed to determine the number of consumers meeting the DTI. Consumption 102 was also reviewed within age categories, using food intake data and food group codes. 103
Statistical analyses 104
To account for differences in total dietary intake by age and sex, whole grain intake was 105 adjusted for daily energy intake (10MJ/d) as reported within single 24-hour recalls, (19) 106 providing a relative representation of whole grain density of the diet. Parametric tests were 107 applied to the data. Differences between age categories and genders meeting whole grain 108 recommendations were assessed using chi-square analyses to compare associations between 109
proportions. One-way analysis of variance (ANOVA) and Bonferroni post-hoc tests were 110 used to explore statistically significant differences in whole grain intake between age groups. 111
All statistical analyses used the Statistical Package for the Social Sciences (SPSS version 21, 112 2009, Chicago, IL) . Given the sample size of the data set, effect size was calculated using eta 113 squared, calculated as the sum of squares between groups divided by the total sum of squares. 114
The strength of the effect was interpreted based on Cohen's criteria. (20) 
116

Results
117
On the day of the survey, the median whole grain intake for children was 16.5g/d 118 (22.7g/10MJ/d), range 8.7 -21.2g/d across age groups. Median whole grain intake and for 119 adults was 21.2 g/d (28.0g/10MJ/day). The median intake of whole grains ranged from 9.4
Median reported whole grain intake was lowest for the age group 14-18 years (8.7 g/d), males 125 (8.6g/d) and females (8.9g/d), and highest overall for the age group ≥71 years, (33.7g/d), 126 males (35.9g/d) and females (33.0g/d) ( Table 1) . Using absolute values, males consumed 127 more whole grains than females. However, when whole grain intake was adjusted for energy 128 intake, females appeared to consume relatively more whole grain than males (29.7g/10MJ per 129 day females, 25.8g/10MJ per day males), within all age categories >14 years. 130
Whole grain consumers and non-consumers 131
Amongst all respondents to the NNPAS, 29.1% (30.9% males, 27.5% females) did not 132 consume any whole grains on the day of the survey. Of the whole population sampled, 28.8% 133 of adults, and 29.9% of children did not report consuming any whole grains on the day of the 134 survey. The highest proportion of non-consumers was males aged 14-18 years (40.0%), and 135 females also aged 14-18 years (36.9%). Both males and females aged ≥71 comprised the 136 largest proportion of consumers. 137
Amongst adults who reported consuming whole grains on the day of the survey (>0.0g, n=6 138 648), the median whole grain intake was 38.4g/d (IQR 19.0 -66.0) with the 48g DTI not 139 reached by 60.3% of adult consumers of whole grains. 140
Sources of whole grain intake 141
Core foods contributed 82.4% of total whole grain intake for children and 96.3% of total 142 whole grain intake for adults; indicating small contributions from discretionary foods. Key 143 discretionary sources included muesli or cereal-style bars (43% and 46% of total whole grain 144 from discretionary foods for children and adults, respectively), and corn snacks (children 145
35% and adults 27%), including buttered popcorn. 146
Across all foods identified as containing whole grains, the cereals and cereal products food 147 group contributed the largest proportion to whole grain intake amongst children and adults. 148
Major reported whole grain sources for children included ready to eat cereals (RTEC), and 149 regular breads and bread rolls. For both children and adults, regular breads and bread rolls 150 and RTEC were the largest contributors to whole grain intake (Table 2) . 151
Persons consuming very low or no amounts of whole grains still appeared to consume foods 152 from the cereals and cereal products major food group. However, this same group tended to 153 report consuming refined versions of cereal foods, on a gram weight basis of total foodconsumption. Mean intake of the major food groups including cereal and cereal products, and 155 cereal based products and dishes are not dissimilar amongst the lowest and highest groups of 156 whole grain consumers within each age category (Table 3) . 157
Discussion 158
This study reports whole grain intake of Australian children and adults, based on one day of 160 dietary intake data from the 2011-13 NNPAS. It provides the most comprehensive analysis of 161 whole grain consumption in an Australian population published to date. 162
The median intakes were 17g/d and 21g/d for children and adults respectively, with 163 approximately 30% of children and adults considered non-consumers of whole grains. After 164 adjusting for energy intake, adult females appeared to consume more whole grains than 165 males. The reported whole grain intake in this sample was low, with 73% of the adults not 166 meeting the recommended DTI for whole grains. The highest median daily whole grain 167 intake reported was observed in males aged ≥71 years (35.9g/d) falling below the DTI. This 168 concurs with comparable reports from other Western countries. Mann et al. (19) report median 169 intake in the UK of 13 and 20g/d for children and adults respectively, with 15% and 18% 170 non-consumers, collected through estimated 3-day food diaries. Median intake amongst US 171 adults was lower (10-12g/d). Less than 1% of the US population consumed the recommended 172 three servings (48g) per day and 20% of adults reported consuming no whole grain products 173 via 24-hour recalls.
(21) Whole grain intake in Australia appears to be greater than France, 174 although less than Scandinavian countries for which data are available. In France, 55% of 175 adults and 62% of children were identified as whole grain non-consumers based on 3-day 176 dietary records. Amongst whole grain consumers in this population, median intakes were 177 (24) In addition, methods used to collect dietary intake data, and define and 183 quantify whole grain intake differ between countries. This must be considered as a limitation 184 in international comparisons of whole grain intake. 185
Cereals and cereal products were key contributing food groups to reported whole grain intake 186 amongst children and adults in the present study. These findings concur with observations in 187 similar population based studies in the US (25; 26) and UK, (27; 28) where the major sources ofRTEC and plain breads and bread rolls were the main sources of reported whole grains for 190 children and adults in the present study, becoming key foods to target for increased 191 consumption of whole grain foods. The highest proportion of male and female non-192 consumers were individuals aged 14-18 years, and not unexpectedly, this age group also had 193 the lowest median whole grain intake per day. Comparison of consumers aged 9-18 years 194 reporting intake less than one serve of whole grain (0-8g whole grain/d), indicates consumers 195 within the lowest category of whole grain intake report consuming similar amounts of breads 196 but less RTEC overall, on a gram weight basis of food intake. These consumers reported 197 eating bread, but did not report eating whole grain varieties of bread. They reported eating 198 less RTEC, highlighting the importance of breakfast consumption as a contribution to overall 199 diet quality, including meeting recommended whole grain target intakes. adults. Breakfast was the most important meal for whole grain intake within this cohort, and 208 consequently, a lower intake of whole grains was observed on days when breakfast was 209 skipped. Breakfast skipping is noticeably common amongst 14-18 year old adolescents, (30) 210 and has been associated with a lower dietary quality and adverse health outcomes; although 211 results have been inconsistent. (29; 30) This highlights implications for practice, and the 212 potential importance of focusing on meal types to target improvements in whole grain 213 intake, (32) while contributing to a message which is understandable and adaptable at a broader 214 public health level. 215
Whole grain consumers have been characterised as having an overall healthier diet, and 216 generally healthier lifestyle habits. (25; 26; 33; 34) Analysing intake of adult whole grain 217 consumers in comparison with the lowest category of whole grain intakes, on a gram weight 218 basis of food intake, indicated that the latter do report to consume foods from the breads and 219 cereals category, but chose the refined or 'white' alternatives of whole grain products. 220
Encouraging this population to align their intake with the ADG recommendations to choose 221 mostly whole grain and/or high fibre varieties within the grain foods group (7) may be a useful 222 strategy for increasing whole grain consumption. In order to increase consumption of whole 223 grains at a population level, concerted efforts are necessary to both decrease the proportion of 224 low and non-consumers, by encouraging higher quality choices within the breads and cereals 225 food group, and increased consumption in existing consumers, focused on groups with 226 particularly low consumption. (35) 
227
This study is the first to report estimates of whole grain intake within the Australian 228 population, utilising data from the most recent national survey in Australia. The adopted 229 method of reporting whole grain intake aligns with recent recommendations: specifically, 230 reporting absolute grams of whole grains consumed rather than serves of intake, and 231 separating added bran and germ from calculations.
(36) This contributes to international 232 consistency in quantifying whole grain intake within epidemiological studies. 233
The retrospective cross sectional design of the NNPAS lacks temporality, hence results from 234 this analysis cannot determine causation. Further, 24-hour dietary recalls may not accurately 235 reflect usual dietary intake patterns of participants. One day of dietary intake data was used, 236 rather than adjusting intake with a second day of data gathered from a subset of participants, 237 which would allow estimation of usual intake. The data were not weighted hence results 238 cannot be considered as representative of the Australian population. This limitation is partly 239 adjusted for by the very large sample size, but it is still an important consideration. 
240
Assumptions inherent to the whole grain database may have under-or overestimated whole 241 grain intake within the present study. The database reflects likely, rather than actual 242 composition of foods and changes in formulations cannot be accounted for. Despite these 243 limitations, the analysis is useful in estimating whole grain intake at a point in time within a 244 large Australian sample. 245
Target groups for communication strategies and product development of more sensorialy 246 appealing whole grain rich foods should be adolescents/ young adults (males and females 247 aged 14-30 years). Activities for all low or non-consumers may focus on increasing whole 248 grain intake through breakfast consumption, and encouraging higher whole grain choices 249 within the breads and cereals category which may reduce the proportion of non-consumers, 250
and increase average intake amongst consumers. 
